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METHOD AND APPARATUS FOR 

PREVENTION OF ATRIAL TACHYARRHYTHMIAS 



Background of the Invention 

The present invention relates generally to the field of implantable stimulators 
and more particularly to cardiac pacemakers and implantable anti-arrhythmia devices. 

It has been proposed to reduce the incidence of tachyarrhythmias in the 
ventricle by using multiple site pacing. For example, in U.S. Patent No. 3,937,226, 
issued to Funke, multiple electrodes are provided for location around the ventricles. In 
response to a sensed depolarization following a refractory period, at any of the 
electrodes, all electrodes are paced. All electrodes are similarly paced in the absence 
of sensed depolarizations for a period of 1000 ms. U.S. Patent No. 4,088,140 issued to 
Rockland et al discloses a similar device, in which a pacing pulse is delivered only to 
a single electrode in response to a failure to sense during a 1000 ms period, and 
delivery of pacing pulses to multiple electrodes is triggered in response to sensed 
depolarizations occurring between 150 and 500 ms following delivery of a previous 
sensed depolarization or pacing pulse. 'U.S. Patent No. 4,354,497, issued to Kahn 
adds sensing electrodes adjacent the septum of the heart and delivers pacing pulses to 
multiple electrodes spaced around the ventricles in response to sensed depolarizations 
at the ventricular electrodes which are not preceded by depolarizations sensed at the 
septum electrodes. Multi-site pacing in the ventricles has also been proposed to 
improve hemodynamic function, as in U.S. Patent No. 4,928,688, issued to Mower. 
The Funke, Kahn, Rockland and Mower patents are all hereby incorporated herein by 
reference in their entireties. 
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Multi-site atrial pacing has also been proposed as a mechanism for reducing 
the incidence of atrial tachyarrhythmias. For example, multi-site pacing for 
arrhythmia prevention is discussed in U.S. patent No. 5,584,867, issued to Limousin 
et at, U.S. Patent No. 5,683,429 issued to Mehra and U.S. patent No. 5,403,356, 
issued to Hill et al. and in the article "Prevention of Atrial Tachyarrhythmias Related 
to Advanced Inter-atrial Block by Permanent Atrial Resynchronization", by Mabo, et 
al, published uiPace^Vol. 14, Apr. 1991, Part II, p 648. The Limousin, Mehra and 
Hill et al. patents are hereby incorporated herein by reference in their entireties. 

Pacing methodologies employmg only a single pacing site have also been 
proposed for prevention of tachyarrhythmias. For example, U.S. Patent No. 4,941,471 
issued to Mehra discloses a single site rate stabilization pacing method for use m the 
ventricles. An improvement to this pacing methodology is disclosed in U.S. Patent 
No. 5,545,185 issued to Denker et al, and further improvements are disclosed in U.S. 
Patent No. 5,814,085 issued to Hill, and U.S. Patent Application Serial No. 
08/764,568, filed on December 16, 1996 by Peterson et al. An additional atnal 
overdrive arrhythmia prevention pacing mode which is disclosed in U.S. Patent No. 
5,7 1 3,929, issued to Hess et al. The Mehra, Hill, Hess et al. and Denker patents, as 
well as the Peterson et al. application are all hereby incorporated here.n by reference 
in their entireties. 

Summary of the Inventinn 

The present invention is directed toward preventing the occurrence of atrial or 
ventricular tachyarrhythmias by means of a pacemaker having the capability of 
delivering tachyarrhythmia prevention pacing therapies at single or at multiple 
locations within the atria and/or ventricles. The present invention accomplishes this 
desired goal by means of control and timing circuits and methods of operation which 
provide for optimization of the delivered pacing therapy by choosing which therapy, 
which electrodes and which pacing sites are employed, from among those available 
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for tachyarrhythmia prevention pacing. The timing and control circuitry includes 
means for tracking the occurrences of tachyarrhythmias over defined extended time 
periods, such as days, weeks or months. 

Pacing at multiple sites may be accomplished by delivering pacing pulses 
through separate electrode pairs, each pair located adjacent a different site within the 
atria or within the ventricles, may be accomplished by delivering pacing pulses 
between electrodes located adjacent different sites within the atria or within the 
ventricles or may be accomplished by delivering pulses between individual electrodes 
in the atria or ventricles and remote indifferent electrodes The device may employ 
suigle or multi-site pacing in the atria, the ventricles, or in both the atria and the 
ventricles, with separate prioritized lists of therapies and/or electrodes and polarities 
programmed for the atria and the ventricles and may employ separate counts or 
durations of occurrences of tachyarrhythmia in the atria and the ventricles in order to 
1 5 induce switching of the electrode configurations used to pace the atria and the 

ventricles, independent of one another. 



In some embodiments, in response to detection of a predetermined number of 
occurrences of tachyarrhythmias within a defined extended time period and/or 
detection of a predefined cumulative duration of tachyarrhythmias within the defined 
extended time period, the selection of pacing therapy and/or interconnection of the 
electrodes available for pacing is modified to disable a tachyarrhythmia prevention 
therapy and/or to change the tachyarrhythmia prevention therapy. With each 
subsequent detection of a defined number and/or cumulative duration of 
tachyarrhythmias within the a defined extended time period, the device may switch to 
another available therapy and/or set of electrodes and pacing sites until an effective 
tachyarrhythmia therapy is selected or until all available therapies have been 
determined to be ineffective. 



20 



25 
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For example, in a device embodied in the form of a multi-site atrial pacemaker 
having electrodes positioned to stimulate at two different locations within the atria, 
the device may initially employ first and second electrodes in contact with atrial tissue 
to stimulate at both locations using the pacing method disclosed in the above-cited 
Mehra et al '429 patent, and then, in response to detection of a defined number of 
occurrences and/or a defined cumulative duration of tachyarrhythmia within the 
defined extended time period, the pacemaker may employ the second electrode, in 
conjunction with an indifferent electrode to stimulate only the second location using 
the pacing method disclosed in the above-cited Mehra *47 1 patent. 

In some preferred embodiments of the invention, upon detection of a defined 
number of occurrences of tachyarrhythmias and/or a defined cumulative total duration 
of tachyarrhythmias in the atria or the ventricles within a defined extended time 
period, the device checks to see if there is an available therapy and/or set of electrodes 
and polarities which offer the opportunity of reducing the frequency or duration of 
tachyarrhythmias. In these embodiments, a therapy and/or an associated set of 
electrodes and polarities not previously employed will, by definition, be considered as 
offering the possibility of reducing the frequency or duration of tachyarrhythmias. In 
addition, the device may record information with regard to the frequency and 
durations of occurrences of tachyarrhythmia in conjunction with a particular therapy 
and/or associated set of electrodes and polarities, and may consider any previously 
employed therapies and/or sets of electrodes and polarities as offering an opportunity 
for reducing the frequency or duration of tachyarrhythmias if the associated recorded 
information indicates reduced frequency or duration of tachyarrhythmias as compared 
to the electrodes and polarities currently being employed. 

In other preferred embodiments of the invention the device automatically 
determines whether any tachyarrhythmia prevention therapy is desirable and, if so 
which therapy and/or set of electrodes and polarities will be initially employed, based 
upon the frequency and durations of occurrences of tachyarrhythmia in conjunction 
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with the particular therapies and/or associated sets of electrodes and polarities 
available. In these embodiments the device may first determine whether 
tachyarrhythmias in the absence of tachyarrhythmia prevention therapies and/or multi- 
site pacing occur during a first extended time period with a frequency sufficient to 
warrant employment of a tachyarrhythmia prevention therapy. If so, the device 
thereafter may sequentially apply each of the available therapies and/or sets of 
electrodes and polarities for a second extended time period to determine which results 
in the lowest incidence of tachyarrhythmias. The device may select the therapy and/or 
set of electrodes and polarities associated with the lowest incidence of 
tachyarrhythmias, provided that the incidence of tachyarrhythmias is lower than with 
no tachyarrhythmia therapy delivered. In such devices, after initial select.on of the 
most effective tachyarrhythmia prevention therapy and/or electrode sites and 
polarities, the device may continue to employ the selected settings for a third extended 
predetermined time period, for example a defined number of months, and on 
expiration of this extended time period repeat the process of determining whether a 
tachyarrhythmia prevention therapy is desirable and if so, which therapy is desirable. 

In order to more closely tie the anti-arrhythmia therapies and/or electrodes and 
polarities employed by the device to the incidence of tachyarrhythmias, the device 
may focus on tachyarrhythmias which are initiated following delivery of a pacing 
pulse. For example, the device may check stored information on sensed and paced 
events to determine whether a pacing pulse initiated the short: inter-depolarization 
period which initiated the tachyarrhythmia, and apply the detected arrhythmia to the 
tachyarrhythmia count or cumulative tachyarrhythmia duration measurement only if 
the detected tachyarrhythmia is initiated following a pacing pulse. 

In addition to or as an alternative to selection between different arrhythmia 
prevention pacing modes, a device according to the present invention may also 
operate to provide optimized parameters of a selected anti-arrhythmia pacing mode. 
For example, in the context of a rate stabilization pacing mode as described in the 
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above cited Mehra and Denker patents, or in the context of an atrial overdrive pacing 
mode as described in the above cited Hess et al patent, the value of the increment 
added to the duration of a previously measured R-R in , erV al to define the next escape 
interval may be adjusted. In an analogous fashion, the delay time, if any, between 
pacing pulses delivered at multiple pacing sites or between sensed depolarizations at 
one pacing she and the delivery of a pacing pulse to a second pacmg site may also be 
opt.rn.zed as a function of the monitored result of the therapy provided. 

In order to opt.mize the parameters of the anti-arrhythmia pac.ng therapy 
provided, the dev.ce mon.tors a spec.f.c metnc associated with the success of the 
therapy .„ a manner analogous to that described above in conjunction with selection 
between arrhythm.a prevention pacmg modes. In this context, for example, frequency 
of occurrence of atrial or ventricular beats, occurrence of atnal or ventricular 
tachyarrhythm.as, and the like may be monitored and compared to a des.red defined 
endpoint condition, with operational pajameters of the pacing mode presently in effect 
adjusted in an attempt to cause the measured metric to converge on the desired 
endpoint. 

The desired endpoint may be defined as a range winch may have only an upper 
bound, only a lower bound or both upper and lower bounds. More than one measured 
metric may be employed to determine success of the arrhythmia prevention pacing 
mode. A measured metric falling outside of a defined endpoint range may trigger a 
change in the pacing mode to more aggressive or less aggressive parameter settings. 
The time period over which the metric is morutored may extend for a few hours up to 
several weeks. For example, if the defined metric is frequency of atrial fibrillation 
the defined metric range might be less than a physician programmed number 
occurrences of atrial fibrillation over a two day time period. In this case, the device 
would adjust the parameters of a provided antiarrhythmia mode, for example, adjust 
the increment provided in conjunction with the atrial overdrive pacing modality 
described in the above Hess patent, until the measured frequency of occurrences of 
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atrial fibrillation per two day period was within the endpoint range. Alternatively, if 
the metric being measured is frequency of occurrence of PACs, the defined metric 
might be a defined range of PACs per hour, determined by the physician to represent 
an acceptable range of occurrences of PACs. In this embodiment, the aggressiveness 
of the atrial arrhythmia prevention pacing modality employed may be increased in 
response to the number of occurrences of PACs being in excess of the defined 
endpoint range, while the aggressiveness of the therapy might be decreased in 
response to an occurrence of less than the defined endpoint range of occurrences, in 
order to avoid over-treating the patient. In response to the number of PACs per hour 
falling within the defined range, the device would leave the parameter settings of the 
arrhythmia prevention pacing modality unchanged. 



In some embodiments, the same monitored metric or metrics employed to 
optimize the parameters of an arrhythmia prevention pacing modality may also be 
employed to disable the arrhythmia prevention pacing modality in effect or to trigger 
the switch to an alternative pacing prevention modality, as substitute for or in addition 
to the various mechanisms described above for selecting arrhythmia prevention pacing 
modalities. For example, in response to adjustment of the arrhythmia prevention 
pacing modality to its most aggressive parameters (the parameters believed most 
hkely to prevent occurrences of arrhythmias), in conjunction with a failure of the 
measured metric to fall within the defined variance from the desired endpoint for the 
measured metric, the device may disable the arrhythmia prevention pacing modality 
presently under way or trigger a switch to an alternative available arrhythmia 
prevention pacing modality. 

Brief Description of the Drawings 



30 



Figure 1 is a drawing illustrating a multi-site atrial pacemaker according to the 
present invention. 
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Figure 2 is a drawing illustrating a multi-site atrial, single site ventricular 
pacemaker according to the present invention. 

Figure 3 is a drawing illustrating a single site atrial, multi-site ventricular 
pacemaker according to the present invention. 

Figure 4 is a drawing illustrating a multi-site atrial, multi-site ventricular 
pacemaker according to the present invention. 

Figure 5 is a block functional diagram of a first embodiment of a cardiac 
pacemaker appropriate for use in practicing the present invention. 

Figure 6 is a block functional diagram of a second embodiment of a cardiac 
pacemaker appropriate for use in practicing the present invention. 

Figure 7 is a block functional diagram of a third embodiment of a cardiac 
pacemaker appropriate for use in practicing the present invention. 

Figure 8 is a functional flowchart, illustrating the basic operation of a 
pacemaker according to according to a first set of preferred embodiments of the 
invention. 

Figure 9 is a functional flowchart, illustrating the basic operation of a 
pacemaker according to according to a second set of Preferred embodiments of the 
invention. 

Figure 10 is a functional flowchart, illustrating the basic operation of a 
pacemaker according to according to a third set of preferred embodiments of the 
invention. 
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Figure 1 1 is a functional flowchart, illustrating the basic operation of a 
pacemaker according to according to a fourth set of preferred embodiments of the 
invention. 

Figure 12 is a functional flow chart illustrating the mechanism by which the 
present invention may optimize the parameters of a selected arrhythmia prevention 
pacing mode. 



Figures 13, 14 and 15 represent alternative mechanisms for adjusting the 
parameters of an arrhythmia prevention pacing modality, in the context of the 
functional flow chart of Figure 12. 

F.gure 16 is a partial funct.onal flow chart illustrating a mechanism which 
may be employed in conjunction with the functional flow charts of Figures 12 through 
15, for disabling or changing the arrhythmia prevention pacing mode presently in 
effect. 



Detailed Description of Hip Preferred Frnhndim^.c 

Figure I illustrates an Imp lantable pacemaker 10 according to the present 
invention and an associated lead set. The pacemaker comprises a hermetically sealed 
enclosure 12 containing the pacemaker's circuitry and power source and carrying a 
connector block or header 14 into which the connector assemblies 18and 16 of two 
pacing leads 20 and 22 have been inserted. Pacing lead 20 is a coronary sinus lead, 
and carries two electrodes 28 and 30 located thereon, adapted to be positioned 
adjacent the left atrium, within the coronary sinus/great vein of the patient's heart. 
Lead 22 is a right atrial pacing lead carrying a distal, screw-in electrode 24 and a 
proximal ring electrode 26. 
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In conjunction with practicing the present invention, the pacemaker may 
emp.oy the electrodes on the. various .eads in a variety of combinations. Multi-site 
pacmg may be accomplished by simultaneously delivering pacing pulses to the right 
atnum usmg electrodes 24 and 26, with electrode 24 serving as the pacing cathode 
and to the left atrium using electrodes 28 and 30, using either of electrodes 28 and 39 
as the pacing cathode. Alternatively, multi-site pacing may be accomplished by 
dehvenng pacing pulses between electrodes 24 and 30 or between electrodes 24 and 
28, w,th either of the two chosen electrodes serving as the cathode, in order to 
st.mu.ate the right and left atria simultaneously by using electrode 24 and either of 
electrodes 28 and 30 as pacmg cathodes and a conductive portion of the enclosure 12 
as a remote anode. Alternatively, the right atrium may be stimulated without 
sfmulation of the left atrium by employing electrodes 24 and 26 or by employing 
electrode 24 in conjunction with a conductive porfion of the housing of the dev 1C e 
enclosure 12 to accomplish unipolar pacing. Snni.arly, pacing of the left atrium may 
be accomphshed without corresponding pacmg of the nght atnum by pacing between 
electrodes 28 and 30 or by pacing between either of electrodes 28 and 30 and a 
conductive portion of the housing 12. 

In conjunction with the present invention, it ,s preferable that the device 1 0 be 
configured to allow the physician to program a priontized list of tachyarrhythmia 
prevent™ pacing therapies and/or pacing sites and electrode configurations therein 
for sequential application by the device 10. For example, in the context of a device as 
.Hustrated m Figure 1, the physician may request that the device 10 initially delivers 
pacmg pulses to the right and left atria between electrodes 24 and 30 as part of a first 
arrhytluma prevention therapy, with electrode 24 being a cathodal electrode, delivers 
b.po.ar pacmg pulses in the left atrium emp.oymg electrodes 28 and 30 as part of a 
second arrhythmia prevention therapy, with electrode 30 bemg a cathodal electrode 
and dehvers bipolar pacing in the right atria employing electrodes 24 and 26 as part of 
a thtrd arrhythmia prevention therapy, with electrode 24 acting as a cathodal 
electrode. The first arrhythmia prevention therapy may, f or example, simply be bi- 
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trial bradycardia pacing, while the second and third therapies may, for example, also 
include rate stabilization pacing as in the above-cited Mehra '471 patent. 

The device in some embodiments may operate as follows. Following 
programming, the device employs electrodes 24 and 30 to simultaneously pace both 
«he nght and left atria. Over the course of a defined extended time penod of weeks or 
months, the device detects a defined number and/or cumulative duration of 
tachyarrhythmias accordmg to preset cnteria. For example, a. tachyarrhythmia may be 
defined as a high atrial rate maintained for a minimum period of time. In response to 
the number and/or cumulative duration of detected tachyarrhythmia episodes equaling 
a preset value, the device preferably checks to see if there are any available electrode 
configurations which offer the opportunity of reducing the frequency of occurrence or 
the durations of atria, tachyarrhythmias. Because the next electrode configuration on 
the physician-defined list has not been tried, pacing the left atrium using electrodes 28 
and 30 ,s then employed by the device. If the dev,ce detects the required number of 
occurrences and/or cumulative duration of tachyarrhythmias during a subsequent 
defined t.me period, the device will determine that the third electrode configuration 
pacing the right atrium by means of electrodes 24 and 26, is untried, and will employ 
th,s electrode configuration. On detection of the required number of occurrences or 
cumulative duration of tachyarrhythmias, the dev,ce will then compare the number of 
tachyarrhythmias detected and the time period over which the tachyarrhythmias were 
detected for each of the three electrode configurations, and choose the electrode 
configuration associated with the lowest incidence of tachyarrhythmias. Operation of 
the dev.ce ,n this fashion continues, with the choice of electrode configuration altered 
automatically in response to a* increase in the frequency of occurrence or cumulative 
duration of tachyarrhythmias using the previously selected electrode set, as compared 
to historical measurements of the frequency and/or duration of arrhythmias in 
conjunction with the other electrode combinations. 
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In an alternative set of embodiments, using the same prioritized list of 
arrhythmia prevention therapies, the dev.ce may operate for a, first period in the 
absence of any particular arrhythmia prevention therapy and/or alternate electrode 
configuration. For example the device may operate as a conventional AAI, 
bradycardia pacemaker, pacing a, a single site in the right atrium. The device operates 
■n this fashion for a firs, defined period of time, for example extending over a period 
of days or weeks, and monitors the number of detected tachyarrhythmia episodes 
and/or the durations of detected atrial tachyarrhythmias. If the frequency or durat.on 
of detected atrial tachyarrythmias detected during this time period is less than a first 
preset threshold, the dev.ce may determine that specialized arrhythmia prevention 
pac.ng therap.es and/or multi-site pacing or a combinat.on of the two are no, required. 

If, however, dunng the firs, defined time penod, a number or total durat.on of 
atrial tachyarihythxmas exceeding the first threshold are detected, the dev.ce may 
act.va,e the first available tachyarrhythm.a prevent.on therapy and/or alternate 
electrode config Ur at,on for a second defined period of time, typically less than the first 
defined period, aga.n mon.tormg the frequency and/or durat.ons of detected atrial 
tachyarrhythm.as, followed by sequentially activating the second and third 
tachyarrhythm.a prevention therapies and/or electrode configurations for the second 
defined extended time period and determining the frequency and/or durat.ons of atria, 
tachyarrhythrmas. After del.venng all available tachyarrhythmia prevention therapies 
and/or employing all available electrode configurations, the device may compare the 
relat.ve frequencies and/or durations of atrial tachyarrhythmias to determine which 
therapy and/or electrode configuration results in the lowest incidence of 
tachyarmythm.as, and enabling that therapy and/or set of electrodes and polarit.es 
prov.d.ng that the therapy and/or electrode configuration provides a reduced incidence 
of tachyarrhythmias compared to conventional single site bradycardia pacing as 
measured during the first time period. 
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As an preferred alternative to employing each of the available tachyarrhythmia 
prevents therap.es and/or a.temati ve e.ectrode configurates for defined time 
penods and comparing the frequencies or cumu.ative durations of tachyarrhythm.as 
detected therein, the device may instead continue operation in each of the available 
therap.es and/or alternat.ve e.ectrode c 0 „fi gur at,ons until the earliest of the exp.ra.ion 
of the defined second time intervals or the meet.ng of a defined tachyarrhythm.a 
duranon and/or frequency threshold. The relative incidences or durations of 
tachyarrhythm.as per unit ,.me may then be compared to chose the most desirab.e 
therapy and/or electrode configuration. Usmg this method, the time requ.red to check 
the vanous available therapies and/or e.ectrode configurates may be substantially 
reduce.. Simi,ar.y, the mitia. operation of the device without use of tachyarrhythm.a 
prevent.™ therapies and/or alternate e.ectrode configurations may preferab.y continue 
unt.1 the earhest of the exp.rat.on of the defined first time interva. or the meeting of a 
defined tachyarrhythmia duration and/or frequency threshold, to reduce the time 
reared to determine whether tachyarrhythmia prevents therap.es and/or alternate 
electrode configurations are desirable. 

In a simplified vercion of .„,s embed,™, of U,e inventio „ , he device ^ ^ 
prov.ded w ilh „ nly , sil , gle , acnyartylhnlia preven|ion padng (herapy aod/or a 
a..™,e e.ectrode co„fi gurat ,„ n . to mls cnMimM fc ^ ^ ^ 
frequency a„d/„, ducafion of .achyarrtytajas dlulng ^ 
preve„„„„ lh e rapy ^ afiecnafc elec|rode ^ ^ ^ 

dun.,,00 of Uchyarrhy,,™ inci de„ces ,„ ^ ^ of 
taapy and/or a,*™* elecfiode confix, e „a bling ap pljcalio „ ^ 
and/or a„en,a,e e.ec tro de config^Uon only if ftey resull in . reduced „ f 
tachyarrhythmias. 

In the even, that the operation of the dev.ee and the selecfon of an initial 
arrhythnua prevent.on therapy is provided K descnbed ^ ^ ^ 
subsequently operate according to the methodology se, forth in conjunct™ w.th the 
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Piously described embodiment of ,„e invenfion, periodically changi „ g fc 

PreVenUO " *"■» «* « of decodes and 

po'anhes m resp„„ se co , he increase „ fc ^ ^.^^ 

*7" ,heraPy """" " - - Man,,* which provide a ,ower 

■ncdeoce of iachyarah^, if avaibbte. Ahemarively, ,he dev.ce may define a 

hud extended , ime period, significan.lv longer lha „ ,„ e ^ ^ ^ 
"me penods. On exp.ra.ion of , his third rime penod, ,he device may repea, ,h. 
« of „pera,io„ s described above ,o a g a,„ de,ermme whe.be, iaehyarrhyOnnia 
p..ve„,,o„ ,herap,es and/or a„e M e decode co„f,gu ra ,,o„s are des.rab.e and if so 
which should be employed. 



F.guae 2 ,„us,ra,es an ahcmarive embodimen, of a pacemaker according ,„ Ore 
presen, ,„ve„,,o„ Here ,he pacemaker ,0 of Rgure 2 „ c „ s „ , he 
,0of F.gurn ,. „ it h me a ddi„„„ of venmcn.a, p a ci ng Tl)e 
pacemaker compnses a sealed henueuc eudosme 42 e„„, a ,„, ng ,he pacemakers 
crrcrfiy and power source and a eonnecor Hock 44 which receives ,he connector 
asaembhes 46, 48 and 50 of ihree pacing leads 52, 54 and 56. Leads 52 and 54 
correspond ,o ,eads 20 and 22, r espec„ve,y, of F.gme hmiany ^ 

lech-Ode 68 unbedded in ,he righ, venhacle of ,he hea„ amd a, nng decode 66 A 
ev.ee adding ,„ Flgure 2 may ^ „„„„ s . e pac . ng 

vehicular pacmg, using pacing modalj|ies ^ aj DM) ^ ^ ^ 

Figure 3 is a second ahenraiive embodimen, of ,he pacemaker emptoymg lhe 
preaen, mvenfio, ta Wa erabod , meD , rf fc ^ ^ 

Respond, generafiy ,o me pacemakec 40 in Figure 2, including a be™e,.c endosure 
S2 coning rhe pacemaker's circiby ^ ^ ^ ^ . _ ^ ^ 
recervmg *e g6 8g ^ ^ rf ^ ^ ^ ^ 

In .h,s embodrmen,, me pacemaker is configured ,„ provide mu„,si,e venu^Ca, 
pacmg ,„ conjuncon wich afiiaf sensing „ r p ac i ng , so lha , 
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pacmg may be emp.oyed in conjunction with known pacing modes such as VDD 
DDD, DVI and DDI. Leads 92, 94 and 96 correspond to leads 52, 54 and 56 
respecfvely illustrated in Figure 2, and carry pacing electrodes 98, 100, 102 104 106 
and 108. In the case of lead 92, it has been advanced further into the coronary 
sums/great vein than leads 20 and 52 of Figures . and 2, respectively, so that 
electrodes ,02 and ,04 are portioned adjacent the left ventricle of the heart The set 
of leads provided in Figure 3 thus gives the opportumty to provide multi-site pacmg m 
the ventnc.es of the heart, by pacing the nght ventncle usmg the electrodes ,06 and 
108 and pacing the left ventricle usmg the electrodes ,02 and ,04 or by pacing 
between electrodes 108 and either of the e.ectrodes .02 and ,04 or by pacmg between 
electrode 98 and an unmsulated portion of the housing 82 and pacmg between 
dectrode ,02 or ,04 and an uninsulated portron of the housing 82. Pacing of the nght 
ventncle alone wUhout concurrent pacmg of the .eft ventricle ,s possrble usmg 
electrodes ,06 and ,08 or usmg electrode .08 in conjunction with an uninsulated 
port,on of the housing 82. Similarly, de.ivenng pacmg pu.ses to the left ventncle only 
«s possmle using electrodes ,02 and ,04 together or by usmg e.ther of electrodes ,02 
or 104 m conjunct™ with , conduct , ve ^ ^ ^ 

devrce to select the desired pacmg locat.ons within the nght «, , eft ventncles and the 
desrred electrode configuration may be accomplished in an analogous fashkm to that 
desenbed above in conjunction with Figure I m the context of multi-she atrial pacmg. 

Figure 4 illustrates an add.tional embodiment of a pacemaker according to the 
present mvention. Pacemaker 1 20 conesponds generally to Pacemakers 1 0, 40 and 80 
™ Ftgures 1, 2 and 3, respectively, and includes a hermetic enclosure 122 containing 
the battery and circuitry of the pacemaker and a connector block 1 24 receiving the 
eonnector assemblies 126, ,28 and ,30 of pacing leads ,32, ,34 and ,36. Pacmg 
leads ,32 and ,34 conespond to pacing leads 90 and 92 of Figure 3, and carry pacing 
electrodes ,38, ,40, 150 and ,52. Lead 136 .provided with four electrodes ,42 ,44 
146 and ,48, allowing pacing of the left atrium usmg electrodes 142 and .44 and 
pacmg of the left ventncle using e.ectrodes ,46 and ,48. In this embodiment of the 
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invention, the device may select between pacing locations in the atria and the ventricle 
and may select among electrode configurations for accomplishing pacing in either or 
both of the atria and/or either or both of the ventricles in accordance with the basic 
mechanism described in conjunction with Figure 1 for use in selecting electrodes to be 
5 used in atrial pacing. 

Figure 5 is a block diagram of a first embodiment of a pulse generator 
appropriate for use in conjunction with the present invention. The block diagram 
illustrated is particularly useful for pacemakers as illustrated in Figure 1, directed 

10 towards multi-site pacing of the atria. Similarly, the device illustrated in Figure 5 is 

also suitable for multi-site pacing of the ventricles, by themselves. The pacemaker 
.includes a microprocessor 200 which controls operation of the device based on 
programming stored in read-only memory 202, communicated to the microprocessor 
200 by means of data/address bus 208. The timing and control circuitry 206, under 

1 5 microprocessors control, specifies the times of delivery of pacing pulses using the two 

pacing pulse amplifiers 2 10 and 212 and communicates occurrences of sensed events 
using sense amplifiers 222 and 224. Information with regard to the operation of the 
pacemaker including information as to the numbers and times of occurrences of 
tachyarrhythmias employed in the present invention is accomplished by means of 

20 random access memory 204. 

Microprocessor 200 operates as an interrupt driven device, under software 
control, responsive to expiration of timers within timer/control circuitry 206 and in 
response to occurrence of sensed events, detected by sense amplifiers 222 and 224. 

25 Telemetry circuit 230 in conjunction with antenna 232 allow communication between 

the device and an external programmer, by means of which the physician can program 
a desired list of electrode configurations into memory 204. The general operational 
methodology of this device may correspond to any of the numerous available 
microprocessor controlled cardiac pacemakers, for example, as disclosed in U.S. 

30 Patent No. 4,404,972 issued to Gordon et al., U.S. Patent No. 4,830,006 issued to 
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Ha lu ska et a., or U.S. Patent No. 4,407,288 .ssued to Langer et al., all incorporated 
here.n by reference m the.r ent.ret.es. In part.cu.ar, the operauon of the dev.ce may 
generally correspond to tha, descnbed in U.S. Patent No. 5,4 1 1 ,524 issued to Mehra et 
al, also incorporated herein by reference in its entirety. 

The dev.ce illustrated ,n Figure 5 differs from the operation of the dev.ces in 
me above described patent and ,„ the above cited references d.sc.os.ng m ult,s.,e 
pacng patents by means of a prov.s.on of a switch matnx 226 wh.ch operates under 
control of m.croprocessor 200 via data/address bus 208 accord.ng to the methodology 
of the present invent.on. Switch matrix 226 operates to interconnect the electrodes 
214, 2 16, 218 and 220 w.th the pacing pulse generators 2 10 and 212 and with the 
sense amps 222 and 224 in any des.red comb.nat.on or configurat.on. 

For example, electrodes 214 and 216 may correspond to electrodes 24 and 26 
of F.gure 1, wWle electrodes 218 and 220 may correspond to electrodes 28 and 30 of 
F.gure 1. Electrode 228 may correspond to the housmg of the dev.ce. In conjunct.on 
wrth operauon of the dev.ce to simultaneously pace both atna, swhch matnx 226 may 
couple pulse generator 210 with electrodes 214 and 216 and may couple pulse 
generator 2,2 w.th e.ectrodes 2,8 and 220 to provide for pacing of both the right and 
left atna. Alternately, pulse generator 2 ,0 m.ght be coupled to electrodes 214 and 
220, w.th the pacing puJse del.vered therebetween in order to accomplish 
s.mu,taneous pacing of both atria. The device may similarly be employed to pace only 
one atnum usmg only electrodes 214 and 216 and ether of the two output amplifiers 
222 or 224 or to pace the other of the two atna usmg electrodes 2 , 8 and 220 and 
ether of the pulse generators 2,0 and 220. S.milarly, the dev.ce may be employed to 
pace e.ther one or both of the ventnc.es of a pat.enfs heart, by locating electrodes 214 
and 2,6 adjacent one ventricle and electrodes 218 and 220 adjacent the other 
ventricle. 
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M.croprocessor 200, under control of programming stored in read only 
mem °" a,S ° l ° < he various tachyarrhythm.a detection functions 

reou.red by the de.ee and to control the timing and delivery of pacing pulses in both 
conventional bradycardia pacing modaht.es and aecordmg to the physician, spec.f.ed 
P nont, Z ed .is, of arrhythm.a prevention pacing therapies. Arrhythmia detection 
mechan 1S ms may correspond to any of those employed in pn0 r art .mplantable anti- 
arrhythm.a devices mc.uding anti-tachycard.a pacemakers, lm p,antab.e cardioverters 
and .mplantable defibrillators. Examples of an-hythmia detection methodolog.es 
approbate for use in conjunction with the present .nvention include those described 
"i US. Patent No. 5,755,736 issued to Gillberg et a.., U.S. Paten, No 5 545 ,86 
•ssued to Olson et al, U.S. Patent No. 5,730,14, issued to Fa.n et al. and U.S. Patent 
No. 5,379,776 .ssued to Murphy et a.., al. incorporated herein by reference .n their 
enfreties. It should be understood that any of the various known and available 
arrhytmn-a detection methodolog.es may be employed in conjunction with the present 
invention. 



Artrythrma prevent pacing ,„ erapies M ^ ^ implemmM 
^processor 200 »d associated programing may , for ^ nd ^ 

•hose disclosed ,„ U.S. Pa,en, No. 3,937,226 issued ,o Funke, U.S. Pa,e„. No 

a iSSU6d '° ^ U S ^ N ° 5 ' 683 ' 429 * M ^ *»™ No 

4.94..47I issued .„ Mehra, U.S. Patent No 5,545,185 issued .„ Denke, U.S. Patent 

No- 5 7,3,929 issued to Hess , a,., U.S. Paten, No . 5 ,,58,079 ^ „ ^ a ^ 
and U.S. Paten, No. 5,403356 issued ,„ Hi,,, sotne of which pacmg modalllies may 
also be del.vered using m „„ i . sile ^ ^ rf ^ ^ 

■negated herein by reference in lhe , r ^ ^ ^ ^ ^ 
employed ,„ conjunetion with the present inventton should „so be understood to 
■nelude conventional bradycardia pacutg then.p.es, delivered „ ^ ^ ^ 
the atna and/or ventricles, which are also soutetnnes vaiuable in preventing the 
occurences of some tachyanhyduntas, as well a, arrhyhnria prevention pacing 
ntodahnes as discussed above, delivered ,„ m „,,, P ,e sues. Addiuona, mulli - s i,. pa c,„ g 
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therap.es which may be employed include, for example, t hose descnbed in U.S. Paten. 
No. 4,928,688 issued to Mower et al., U.S. Patent No. 5,720,768 .ssued to 
Verboven-Nelissen, U.S. Patent No. 5,584,868 issued to Salo et al., U.S Patent No 
5,243,978 issued to Duffin and U.S. Patent No. 5,267,560 issued to Cohen, all also 
mcorporated herein by reference in their entireties 

Corresponding sets of arrhythmia detection methods and multi-site and 
arrhythmia prevention pacing methods should be understood to be defined by the 
microprocessors and associated programming provided in the pacemakers illustrated 
m F,gures 6 and 7 below, constrained to the extent necessary by the available number 
of input amplifiers and pulse generator output circuits included in the pacemakers. 

Figure 6 is an embodiment of a pacemaker which may be employed to provide 
multi-site atnal pacing in conjunction with ventricular pacmg or multi-site ventricular 
pacing ,n conjunction with atnal pacing, corresponding to those Ulustrated ,n Figures 
2 and 3. Microprocessor 300, ram 304, ROM 302, data/address bus 308 
timing/control circuitry 3 06, output amplffiers 3 10 and 3 ,2 and input amplifiers 3 
22 and 324, as well as switch matnx 326 all correspond generally to microprocessor 
200, ram 204, ROM 202, data/address bus 208, timing/control 206, output ampl.fiers 
2 10 .and 212, mput amplifiers 222 and 224 and sw.tch matnx 226 of Figure 5 
Telemetry circuit 330 ,n conjunction with antenna 332 allows communication 
between the device and an externa, programmer, by means of whrch the physician can 
program a des lr e<l list of electrode configurations into memory 304. Operation of the 
device differs from that illustrated ,n Figure 6 m that it * provided with programming 
stored in ROM 302 which allows microprocessor 300 to operate timing/control 
circuitry 302 to provide dual pacing modes such as DDD, DVI, VDD, DDI and the 
hke, using amplifier 3 10 to pace one or more of the atna, amplifier 3 12to pace one 
or more of the ventncles, sense amplifier 322 to sense atnal depolanzations and sense 
amplifier 324 to sense ventricular depolarizations. 
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If mulh-site atria, pacing is desired in conjunction with ventricular pacing for 
example, electrode 3,4 may be placed adjacent the right atrium, electrode 3,6 may be 
Placed adjacent the left atrium and electrodes 318 and 320 may be placed in the right 
ventncle. Electrode 328 may correspond to the housing of the device. Pacing of both 
atna may be accomplished by coupling atrial pacing amplifier 3 ,0 to pace between 
electrodes 314 and 316, while pacng of the right atrium mdividually maybe 
accomplished by coupling output amphfier 3 ,0 ,o electrodes 3 14 and 328 and pacng 
of the left atrium individually may be accomphshed by coupling amplifier 3 10 to 
electrodes 310 and 328. Pacing of the ventricle maybe accomphshed by coup.ing 
electrodes 3 1 8 and 320 to amplifier 312. 

In the case m which mult.-s.te ventricular pacng is desrred in conjunct^ 
wnh atnal pacmg, fins may be accomphshed by p.acmg electrodes 3,4 and 3,6 in the 
nght atrium, electrode 3,8 in the right ventricle and electrode 320 adjacent the left 
ventncle. Atna. pacng may be accomphshed by couphng amphfier 3 ,0 »o Cectrodes 
314 and 316, while pacng of nght and left ventricles simultaneously may be 
accomphshed by couplmg pulse generator 312 to electrodes 218 and 320 and pacing 
therebetween. Pacmg of the nght ventncle individually may be accomphshed by 
couphng amplifier 3,2 to electrodes 3,8 and 328 while pacng the ,eft ventncle 
UKhv.dually may be accomphshed by couphng amphfier 3 1 2 to electrodes 320 and 
328. In the event that multi-site pacing is des.red in both the atria and the ventricles 
electrodes 3 1 4 may be located in the right and left atria respectively, and electrodes ' 
318 and 320 located in the right and left ventricles respectively, and a sw.tch matrix 
employed as described above ,o select pacing in either one or both of the atria or the 
ventricles. 



figure 7 * a block diagram of a pacemaker which may accomplish auy of ,he 
pacmg modalhies discussed above. Pacemaker iu Figure 7 corresponds genera!* ,o 
to, ,n F.gure 5, wiU, .he e,cep,ion ,ha, sep,ra,e „„,p ul amplifier are provided for 
each of ,he righ, and iefl a,„a and each of ,„e ri ght and ,eB ven.ricie, in conjunct 
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with separate electrode pairs to be applied to each of the right and left atria and right 
and left ventricles. Microprocessor 400, Ram 404, ROM 402, data/address but 408, 
timing/control circuitry 406, pulse generators 410 and 412, sense amplifiers 422 and 
424 and switch matrix 426 correspond generally to microprocessor 300, ram 304, 
ROM 3 02, data/address bus 3 08, riming/control circuitry 3 06, pulse generators 3 10 
and 312, amplifiers 322 and 324 and switch matnx 326 of F.gure 6. Telemetry circuit 
442 in conjunction with antenna 444 allows communication between the device and 
an external programmer, by means of which the physician can program a des.red list 
of electrode configurates into memory 304. The dev.ce of F Ig ure 7 d.ffers in the 
add,t,on of two additional amplifiers 428 and 430 and the addition of additional 
electrodes 432, 434, 436 and 438 and by means of the correspondmgly increased 
number of switches required for switch matrix 426 to allow interconnection of the 
four output amplifiers to the electrode pairs to allow for pacing of one or both of the 
ventricles or the atria. For example, electrodes 414 and 416 may be located in the 
right atrium, electrodes 41 8 and 420 located adjacent the left atrium, electrodes 432 
and 434 may be located in the right ventricle, and electrodes 436 and 438 located 
adjacent the left ventricle, to provide a pacemaker corresponding to that illustrated in 
Figure 4. Electrode 440 may correspond to the housing of the device. Pulse generators 
420, 43 0, 410 and 412 may be selectively connected via switch matrix 426 to allow 
for pacmg of one or both of the right and left atria and nght and left ventncles, using 
either electrode pairs located adjacent each chamber or by pacing between electrodes, 
one located adjacent each chamber or by pacing between electrodes located adjacent 
each chamber and the enclosure of the device. 



Figure 8 ,s a functional flow chart illustrating a first method of operation of a 
device according to a first embodiment of the present .nvention, which may 
correspond structurally , 0 the devices of any of figures I - 7. Figure 8 illustrates a 
subset of the program stored within the memory of the device, controlling operation of 
the microprocessor, and reflects the operation of the device following sensing of an 
atrial or ventricular depolarization, depending upon the particular implementation of 
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the invention. A device according to the present invention may employ the 
methodology illustrated in Figure 8 following sensed atrial events if atrial pacing is 
available, following sensed ventricular events if ventricular pacing is available or 
following both atrial and ventricular events if atrial and ventricular pacing are both 
available. 

In response to sensing of a depolarization at 500, the microprocessor records 
the type of depolarization sensed and the period separating the sensed depolarization 
from previous depolarizat.ons of the same chamber and of other chambers, in order 
that the stored information may be employed to determine whether a tachyarrhythmia 
is currently underway. The device checks at 504 to determme whether a 
tachyarrhythmia is underway. For example, the presence of a tachyarrhythmia may be 
confirmed by pers,stence of a rate in the chamber being sensed above a defined 
threshold, extending for at least a defined period of time. Alternatively, any other 
known tachycardia or tachyarrhythm.a detection algorithm may be employed, 
including those set forth in the U.S. patents cited above. 

In the event that tachyarrhythm,a is not detected at 504, the device checks at 
506 to determine whether the extended time period over which occurrences of 
tachyarrhythmia are monitored, as d.scussed above, has exp,red. The extended time 
period is preferably at least several days and more preferably at least several weeks. If 
the timer has expired, the timer is reset at 5 10 and the count of occurrences of 
tachyarrhythmias is correspondingly reset at 5 10 and the device returns at 5 0 8 to 
pacing the atria and/or ventricles using the electrode configuration previously 
selected. 

In the event that tachyarrhythmia is detected at 504, the device may option^ly 
check at 512 to determine whether the event which preceded the first short period of 
the detected tachyarrhythmia was a paced event in the chamber in which the 
tachyarrhythmia is detected. If so, a count of detected occurrences of tachyarrhythm.a 



WO 00/09206 



PCT/US99/I8442 



23 



» .ncremented at 5,4. If no,, the device checks to see if the extended time penod is 
exp.red at 506, as discussed above. Alternatively, step 512 may be omitted, and the 
dev,ce may increment the count of occurrences of tachyarrhythmia each tune the 
tachyarrhythm.a ,s detected, irrespective of whether the tachyarrhythmia ,s preceded 
by a dehvered pacmg pulse ,n the chamber in wh,ch the tachyarrhythmia ,s detected 
It is beheved that mc.us.on of the step illustrated at 512 may be preferable in some 
pat.ents, ,n that ,t tends to more accurately .dent.fy tachyarrhythmias wh.ch m.ght 
have been initiated by delivery of cardiac pacing pulses. 

At 5 1 6 the mcremented count of tachyarrhythmia occurrences is checked 
aga,nst a preset threshold, and, ,f the count has not exceeded the preset threshold the 
nncroprocessor checks a. 506 to determine whether the extended t.me penod has 
exp.red, and proceeds as descnbed above. If, however, the count of detected 
tachyarrhythmias at 5 16 does exceed the defined threshold, the microprocessor 
records mformat.on at 5 1 8 wuh regard to the frequency of occurrence and/or durat.on 
of tachyanhythm.as, the present tachyarrhythm.a prevent.on therapy and the present 
electrode configurate of the dev.ce. For example, the m.croprocessor may record in 
random access memory assoc.ated therew.th, the therapy presently in effect, the 
particular electrodes employed to pace the chamber m wh.ch the tachyarrhythm.a is 
detected, the polant.es of the electrodes and the time span over which the requ.red 
number of tachyarrhythmia occurrences was detected. As discussed above, this 
.nformauon may later be employed in order to determine whether the existing 
arrhythmia prevention therapy and/or electrode configuration, is performing better 
than other available therapies and/or electrode configurations. 

The extended time period and the tachyanhythm.a count are reset at 520 and 
at 522 the microprocessor checks to determine whether a therapy and/or an electrode 
configurate is avadable which offers the opportunity of a reduced incidence of 
tachyarrhythmias. By defimt.on, untried therapies and/or electrode conf.gurat.ons that 
are on the list of configurations programmed into the device by the phys.c.an ; 
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consider ,„ * the possfbHUy of a reduced ,„cid.„ce of Uchyartytoias 
Alternately, ,he prev.ou.ly adempted anhydn„i a lherapies ^ 

electrode coufigwatioua which have, baaed „„ i„f„rma„o„ recorded by ,hc 
mteroprocessor, provMed a tower mcidence of tochyarrfrytaiaa are also considered 
.» offer ,he possibilriy of a reduced mcideuce of .achya^yctoniaa. ,„ ,he abseuce of 
uumed .herap,es aud ekcrode e„„f, 8ura , ions , lhe lberapy ^ 

conf.gura.iou having ,he lowca, mcdence of , a chyanhy,hm,a per urn. of rime „i,l be 
employed. A, 524, .be arhyd™ prevenlion ,„ erapy ^ 
and/o, se.ec.ed pacing si,es arc modified as approp„a,e, and ,he device condnues ,o 
operate using hs uewly selected .herapy and/or electrode conf.gnra.ion If ,he 
b.s,onca, iufonrndion stored by .be uniprocessor w,,h regard to o,her .herapies aud 
decode coufiguradous does no, indicate Ure oppo^y for , low „ incjdence „ f 
techyanhythmias. .he dcv,ce continues ,o operate », 508 us,„g ,he present .herapy and 
e ec,rode c„nf,g»,a,io„ tuu, con.umes ,o ra o„i.„, occurences of tachyrhythmia. By 
«te mechanism desenbed above, as ,he .urhylhm.c subsdate of ,he hear, charges over 
hnre, ,he pacemaker automarically has .he abildy ,„ oprim.ze ,he .achytaahydunia 
preveurion therapy, ,he pacmg site o, sues employed by , he pacemak „ ^ fc 
elecdode configuralious employed a. .he various pacing si.es. 

Figure 9 ,s a fimcrional flow chaa, illusdariug an a ltema,ive method of 
operadon of a pa cemaker uccordiug , 0 te p,^, inven , ion which may ^ 
soundly to the dev,ces of any of flgnres , . 7. Like the memod of opemrion 
■Mussed in F.gnre 8, .his portion of the softwnre stored ,„ the mad-on,, memory of 
me device is entered a, 600 ,„ response ,o a sensed ariia, or vendricnla, depolari^don 
and dut nasociated iufomradon conceding , hc depoianzarion is reconled a. 602 A, ' 
604, U,e uniprocessor checks ,„ decnome wheher a .achyarrhylhmia has been 
.ntriated. !f so, u,e micn>p,„cessor oprionally check al m lo determine whelher ^ 
de.ec.ed tachyarrythmia was preceded by a paced beat, as discussed above in 
cen Jlm c.i„„ with Figure 8. ,fso, dte rime of ouse, of the tachyanhythmia ,s menrded 
a. 614. As Ascussed above, ,he device may alternatively record .he onse, of a 
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Cac^yanhythnria reg „ d|ess of whelhw . ^ preceded ^ a ^ ^ m ^ ^ 
««her case, ,h. dev,cc ,be„ check, a, 60S ,„ dote™,* „he,her ,he extended toe 
penod has explred a , 608 If so, ,he device resets ttl e extended ,ta« penod and ,he 
■ota! dura,™ of .achyarrhyhmia episodes a, 6 ,0. ,„ ehher case, Ore device ,he„ 
conhnues „pcra,i„„ a, 6.2 us,„g ,he Ccc.rodes configurarioo previous,, em p, oy ed. 

'n«.eevcn„ h a, t ach y a.rh y .h m ,a, s „o,de,ec 1 ed a, 604, „, in ,he even,, ha, 
achyarrhylboia was previous,, detected a, 604 aud connnues ,„ be underway the 
<ev.ce cheeks a, 6,8 ,„ deternrnte whether tenubaarion of the tachyarrhythmia has 

penod has expired and con.inues as described above. ,f, „„ the other hand 
.enu,n=,i„n of the tachyanhytaia has been detected, ,he device records ,be 
ternunarion a, 620 and e^pteys ,he d i( ferc„ce between ,he lime of onset and ,he titne 
of temunahon ,„ update a cumulate measurement of ,ote, duration „f 
lachyairhylhmia episodes a, 622. 



A, «^' 1 > e ">'"oproces S „rco m p ar e st he,oteldura,ionof,achya n hy,h m ,a 
<*.sodes „i,h a prese, threshoh, va,„e Y. ,f ,he tota, duration of tachyarrhythmia 
episodes ,ccumu,ated does no, exceed V, ,he dev,ce reutms ,„ check ,o determme 
whether Ute ex,e„ded ,i m e period has expired a, 608 a*, continues as described 
above. If , the tolal duration „f detMlal 

*e presa thread, i- regardmg the anU-arrhyflmria pacing ^ ^ 

echode configurahnn presendy h, eftec, in conjunct with informatton concendng 
*c de.ec.ed tachyarrityducnas is record* a, 626, inc.uding ,he amoun, 

'° fc SP « lM - -»Wve duration of tachyarrythmia 
q^te Thts informal is used as described above in companog the .herapy and/or 
eiecriode co„fi g „ ralion preseMly in efrec| „ ^ ^ ^ 

configure The extended time period and the measucemen, of tota, duratton „f 
achyaMtythmta eptsodes is rose, a, 628, and the dev.ee checks as discussed above ,„ 
^ * configurarion offering the c^,^ 
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itr fr T y ° r * * „„ selecl „. 

6 U us , lhe , y ^ ^ ^ e|ectrode ^ 
e hraonca, *» ^ by , he mjcro „ ^ avaiiabk 

,he a^a prevenllon lham ^ e(ec|rode - / 
presently in effect at 6 1 2. 

Fig-re ,0 is a ru„c„„„ al „ ow chafl illMra , |ng , (hjrd 

3ce maker dlng ,„ , he p _, jnvewion whKh ^ J r 

" a " hy ' hmia -d/or a singfc a„e„,a,e eIeclTOle 

cooflgura,,^ „ eMmp|c> ^ a ^ ^ 

^^^«»P-e„.ionpaci ng ^ tiesdescri|)edinl|iepateii|scited 

Itll emb ° d,mM "- ' he *** Simp ' y deK ™'" K - « «-» or 

p rrr r"" on ,herapy Md/or use ° f a - a,,emaK 

I* fte ^.a prevcnlion , herapy K prKem ^ Mmpared io ^ 

^r^rr: of ? **• accord,n6 ,o ,hKe ^ — =- - 

~ period in Uus case ly p 1C a„ y for a, Mas, a peHod of severa, da y s 

whrch may be, for exa mp ,e, c^aUve d ur a.i„„ of de,ec.ed 

^°'™^°^>*W^ or 
d-» of de.eo.ed Uch y arr hyIhm ,as fo„o„.„ g pacog pulses as ^ ^ jn 
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conjunction with F.gures 8 and 9. Alternatively, a combination of these parameters 
may be employed, as discussed below. The device continues to monitor the value of 
the selected tachyarrhythmia parameter until either time period Tl expires at 71 0 or 
unt.1 the value of the monitored parameter exceeds a threshold X2 at 7.6, indicative 
of a specified frequency or duration of detected tachyarrhythmias. On expiration of T 
I, the device checks to determine whether the value Xi of the measured 
tachyarrhythm.a parameter exceeds a defined threshold X 1 wh.ch ,s set to be less than 
X2 as described above. If not, the device determmes that the mcidence of 
tachyarrhythnnas ,s not sufficient to justify use of the arrhythm.a prevents therapy 
and/or alternate electrode configurat.ons, the tachyarrhythmia prevents therap.es 
and/or alternate electrode configurations are disabled at 706 and the dev.ce ex.ts to 
normal bradyarrhythmia pacing functions at 708. 

f 

If, on the other hand, the measured value X, of the tachyarrhythm.a parameter 
exceeds XI dunng ume penod TI or exceeds X2, pnor to the expuafion of ume period 
T 1, the tune (T) smce miuat.on of the extended time penod and tachyarrhythm^ 
parameter value (X.) are stored at 714. The arrhythm.a prevents therapy and/or 
alternate electrode configuration ,s set on at 7,8, and the extended tune period is 
reset at 720 to agam correspond to a second extended tune mterval T2, wh.ch may be 
shorter than Tl In a fasfnon analogous to that described above, the uniprocessor 
wa,ts until either the time period T2 expires at 722 or unfil the measured value Xp of 
the tachyarrhythmia parameter exceeds a defined threshold X3, which may be less 
than X2, at 724, and following either event, stores the time (Tp) since resetting of the 
extended time period X2 and the measured value (Xp) of the arrhythmia parameter at 
726. At 728, the microprocessor compares the frequency or duration of 
tachyarrhythmia per unit time during use of the therapy and/or alternate electrode 
configuration (Xp/Tp) with the frequency or duration of tachyarrhythmias in the 
absence of the therapy (Xi^Ti). ,f the frequency or duration of arrhythmias is not 
reduced durmg delivery of the arrhythmia prevent™ therapy and/or alternative 
electrode configuration, the arrhythmia prevention therapy and/or alternative electrode 
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configuration is disabled at 732 and the device exits to normal bradycardia pacing at 
734. If, on the other hand, the incidence of tachyarrhythmias is reduced during use of 
the arrhythmia prevention therapy and/or alternative electrode configuration, the 
therapy and/or alternative electrode configuration is enabled at 730 and the device 
exits the initialization program at 734. If multiple tachyarrhythmia parameters are 
monitored, they may be weighted and combined with one another and compared to a 
single threshold value or each monitored parameter may have its own threshold. If 
multiple thresholds are employed, the device may determine that the required level of 
arrhythrmas been detected in response to one, some or all of the thresholds being met. 

Figure 1 1 is a functional flowchart illustrating a more elaborate method of 
operation of the present invention, in wh.ch multiple arrhythm.a prevention therapies 
and/or electrode configurations are included ,n a pacemaker whkh may correspond 
structurally to the devces of any of figures 1 - 7. As described above, ava.Iable 
operative modes may mclude smgle site arrhythmia prevention pacing therapies, 
multi-site pacing employing traditional bradycard.a pacmg modes and spec.abzed 
multi-site arrhythm.a prevention pac.ng therap,es, not correspondmg to convention 
bradycard,a pacmg modes. Operation of the device initially corresponds to that 
described to that in Figure 10. Operation of the dev,ce accordmg to the present 
embod,ment is mitialized at 800, wuh the extended time penod T I initiated at 802. 
During TI the dev.ce monitors the parameter "X" associated with the occurrence of 
tachyarrhythmias, which, as described above may be frequency or duration of 
tachyarrhythmias, until either expiration of Tl at 8 10 or until the present value (Xi) 
of the monitored parameter exceeds a defined threshold (X2) at 816. Alternatively, a 
combination of these parameters may be employed, as discussed above in conjunction 
with Figure 10. If on expiration of Tl, the value of the monitored tachyarrhythmia 
parameter X, does not exceed a second threshold XI lower than X2, the device 
determines that arrhythmia prevention therapies and/or alternative electrode 
configurations are not required at 806 and the device returns to operating at a 
conventional bradycardia pacemaker at 808. If the value X, of the measured 
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tachyarrhythmia parameter exceeds XI on exp.ra.ion of Tl . or exceeds X2 prior to 
expirat.on of Tl . the device stores the elapsed time (T) since the initiation of the 
extended time period and the value (Xi) of the measured parameter. 

In th.s embodiment, it is envisioned that the physician has provided a 
prioritized list of a number V of tachyarrhythmia prevention therap.es and/or 
electrode configurates, which the dev.ce will sequentially employ for the defined 
extended time periods to measure the relative frequency of occurrences or durations of 
tachyarrhythmias therein. As discussed above, these therap.es and electrode 
configurations may differ from one another in terms of the t.ming of the delivery of 
pulses, the condit.ons for del.very of pulses and the locat.ons and polarit.es of the 
electrodes accord.ng to any of the vanous patents cited above dealmg with arrhythm.a 
prevent™ therapy. The therapy and/or electrode conf.gurat.on V to be evaluated is 
set equal to 1 (the first therapy and/or electrode conf.gurat.on on the list) at 818 and 
that therapy and/or electrode configuration is enabled at 820. The timer is reset at 822 
to define the extended time penod T2 as descnbed above, dunng which the 
arrhythrma parameter "X" is monitored, precisely as d.scussed above. On exp.rat.on 
of ume penod T2, or on the value (Xn) of the monitored parameter exceeding the 
h»gher threshold X3 at 828, the dev.ce stores the time (Tn) s.nce initiation of the 
extended time penod T2 and the value (Xn ) of the mon.tored parameter assoc.ated 
w.th the currently enabled arrhythmia prevention therapy and/or electrode 
configuration at 830 so that these values may be employed to later select the most 
desn-able operation of the device. The dev.ce then checks a. 832 to determine whether 
n .s greater than in, indicating that the therapy in effect is the last therapy and/or 
electrode conf.gurat.on on the list. If not, n is incremented at 834 so that the next 
successive therapy an d/or electrode configuration may be activated at 820. 

This process continues until conesponding values for elapsed time (T) and the 
morutored arrhythm.a parameter (Xn) have been gathered for each of the in available 
arrhythrma prevention therap.es and/or electrode configurat.ons. At this point the 
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device a. 836 compares the duration or frequency of arrhythmias per unit time at 836 
and selects the therapy and/or electrode configuration having the lowest frequencies of 
occurrence or durations of arrhythmia detected per unit time. The initialization 
sequence is exited at 838 and the device continues to operate in the selected 
tachyarrhythrma prevention mode. Following selection of an initial therapy and/or 
electrode configuration, the device may operate as described in conjunction with 
Figures 8 or 9 above, if desired. It should be understood in conjunction with the 
selection function that in the event that none of the in tachyarrhythmia prevention 
therapies and/or alternate electrode configurations provide a reduced frequency or 
duration of tachyarrhythmias per unit time, the device will disable all of the 
tachyarrhythmia prevention therapies and return to normal bradycardia pacing at 83 8. 

As in the embodiment described in conjunction with Figure 10, if multiple 
tachyarrhythmia parameters are monitored, they may be weighted and combined with 
one another and compared to a single threshold value or each monitored parameter 
may have its own threshold. If multiple thresholds are employed, the dev.ce may 
determine that the required level of arrhythmias been detected in response to one, 
some or all of the thresholds being met. 

In the event that the operation of the device and the selection of an initial 
arrhythm.a prevention therapy is provided as described above in conjunction with the 
embodiment of Figure 1 1, the device may subsequently operate according to the 
methodology set forth in conjunction with the previously described embodiments of 
the invention as described in Figures 8 and 9, periodically changing the 
tachyarrhythmia prevention therapy and/or the associated set of electrodes and 
polarit.es in response to the increase in the levels of tachyarrhythmias, selecting ; 
alternative therapy and/or set of electrodes and polarities which provide a lower 
incidence of tachyarrhythmias, if available. Alternatively, after either selecting a 
tachyarrhythmia prevention therapy or alternate electrode configuration or 
determining that neither is needed as described above in conjunction with the 
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embodiments of Figures 10 and 1 1 , the device may deGne a third extended time 
period, significantly longer than the first and second extended time periods. On 
expiration of this third time period, the dev.ce may repeat the sequence of operations 
described above to again determine whether tachyarrhythmia prevention therapies 
and/or alternate electrode configurations are desirable and if so which should be 
employed. 



Figure 12 is a functional flow chart illustrating a mechanism by which a 
device according to the present invention may optima the specific parameters of a 
selected arrhythrma prevention pacing modality. The dev.ce may operate accordmg to 
the flow chart of Figure 12 after selecting an optima, arrhythmia prevention pacmg 
modality according to the mechan.sms described in Figures 1-1 1, discussed above. 
Alternatively, the device may operate according to the flow chart of Figure 12 in 
conjunction with the operation of the device according to the flow charts of Figures 1 - 
1 1 above. For example, the device may attempt to optimize a parameter or parameters 
of each selected arrhythmia pacing prevention modality evaluated by the device 
according to Figures 1-1 1, so that the evaluation of the arrhythmia prevention pacing 
modality may take into account the best of available settings for specific pacmg 
modality. In such circumstance, device would preferably continue to operate 
according to Figure 12, after selection of a preferred one of the available arrhythmia 
prevention pacing modalities. 

At 900, the arrhythmia prevention pacing modality is selected, either by 
programming or by the mechanisms described above in conjunction with Figures 1 - 
1 1- Initial settings of the parameters of the arrhythmia prevention pacing modality, 
for example, the increment to be added to preceding V-V, V-R, R-V or R-R intervals 
in the context of a rate stabilization algorithm as described in the above cited Mehra 
or Denker patents, or adjustment of a decrement to sensed P-P or A-P intervals or 
increment to paced A-A intervals in the context of an atrial overdnve pacing modality 
as described in the above Hess patent, or an adjustment to the time delay between 
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deliver of pacing pulses a , dirrerenlpacmg ^ ffl fc ^ rf ^ . ^ 
slgon.hms as descrrbed above ,„ addi.ion, a, 904, ,he valne of the defined ^m, 
range ,s se, am, the value of an „ pti ona, connter "„-, used in ^ ^ 

described below is set lo The defmed e„ d p„mt mnge may 1*, f„ r example a 
predefined maximum number of premMU[e ^ or ^ ^ i ^ ^ 

. range exrending berween defined maximum and minimum ^ ^ ' 
of arrhyhmras snob as atrial fibrillar™ per unil lime , or lhe , ike A| ^ ^ ^ 
begrns nmtng a ,i m e interval Tl, dnring which the dev.ee will evaluate the 
performance of the selected anharrhyOrmia pacmg modality, „ , he inillal pararae|er 
serrmgs. Dnring this „me period, ,he merric ,„ be mensured, e.g., pr ema,n re beats 
occurrences of anhythm.as, or rhe like, is monitored a. 908. On expnation of the ' 
■nterval T, a, 9,0, an endpoin, E „ co^mhng ,„ the measured m ^ c js 
For example, if ,,me interval Tl extends over Severn, days, an d lne measured ^ 
■s premarore bears per hour, rbe ca,c„,a,ed e„ d p„ ln , may reflec. the average 
occurrences of premarure bears pec hour over the entire dunll i on of „ me ^ T , of 
may rellec, rhe average rare of occurrences of premature hears per honr over the lar.r 
poruon of time period Tl, Afler calculation oIEn , ils value is c(lmpared ,„ ^ ^ 
endpern, range, and lhe re ,afio„ship ^ fc ^ ^ ^ 

defined endpoin, range is emp|oyed „ ^ fc ^ ^ ^ ^ ^ 

■he arrhythmia prevention pacing modality a, 914. At 916, the value "„» of the 
optronal counter is incremented, arrf , „ ew lime inlerva| T| fe ^.^ ^ ^ 

Figure 13 ill uslrales one ottb , simples| mec|)anisms by ^ j ^ 
accordmg ,„ , h e present i„ venlio „ may adjlKt fc ^ 
prevent™ pacing moda , ily ,„ ^ ^ , ( fc ^ ^ ^ 

range ,s defined by a valne which rhe physician feels is the npper bonnd ofan 
aceeptabk level of occurrences of anhyrhmic events. , flne raeasured endpoi „, - „ 
greater .ban the u PP er bound of the defined endpoin, ^ the parameter senings of 
me arrhymmm P reven,,o„ p a ci „g modaldy „ ^ fc ^ 

parameters ad JU s,ed in a defined direction in order ,o make fire P reve„,,„„ pa ci„. 
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moda.,, y more aggressive, i.e., more like , y ,„ prevenl ^ of fc 
example, ,„ «. conlexl of o[m ^ ^ ^ ^ ^ 

above cued Hess e, al. patent, .he decerned ,„ the measured A . P or p . p inleiva| 
may be ceased, in orde[ lo decrease fc ^ ^ ^ ^ 

^oneaneous beau. ,„ even, fc value ^ „ ^ ^ ^ fc 

bound of ,he defined endpom, range, , he parame , ers Qf fc 

pacing modaltty are determined ,„ be acceptable, and are no, adjusted. 

Fignre ,4 illustrates a somewhat more complex onanism for adjusting ,he 
parang of an arrhylhmia prevenfion pacing m„ d a, ily , in which , he ^ 
endpom, nmge has deflned ^ ^ ^ ^ ^ ^ ^ ^ 

compares E„ ,„ me upper „„„„„ of fc ^ ^ ^ ^ 

descnbed in con JU „e,io„ „,,„ block 9I , of Flgure |3 ^ perfomis a 

adjustment of ,he aarnydnnia prevention pacing parameter a, 924. However in ,his 

case, ,f me measured valueof E„ is ,ess ,„„ the lower bound „f , he de6ned <„,„„,„, 

range a, 926, ,he device adjus* ,he parameters of , he anbyihma 

modal,,, ,„ u,e opposite duection a, 928, decreasing Ore aggressiveness of ,he rherapy 

in order lo avoid over-treating lhe patienl. 

For example, if , he measrued mearic ,s occurrence of premalure venlncnlar 
depo.anza.ions, »d die arrhyU™ prevenfion pacmg modalily is rate s|abi|lza|jo „ 
pacuig as described in conjunction wWl te above Denker ^ ^ ^ g 
number of preroalure ventricular beau ,„ excess of One desired endpom, range may 
bagger a decrease in me increment added to , preced -„ g R R V-V R-V or V R 
m.erval ,„ define Ure next subsequent pacing interval The resale won.d be an 
increased abi„ ly ,o preven, occu^ncesof prema, ure ven.ricu.ar depolarizations, b„, 
a. Ore cos, of an rncrcascd number of delivered pacing pulse s. Conversely in ,he 
even, ma, me nnmber of premahne ven,ricu,ar beau is .ess ,ha„ ,he defined endpom, 
range, lvalue of , he incremen, added ,o me preceding measured R.R V-R R . V „ r 
V-V ,„,erval ma y be increased, mereasing me likelihood of spontaneous V e„, ricular 
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beats and decreasing the number of required delivered pacing pulses. In this fashion, 
the dev.ce can optimize the parameters of the arrhythm.a prevention pacing modality 
to reflect a balance between reduction in occurrences of premature beats and the 
increased current drain associated with increased delivery of cardiac pacing pulses. 

A similar mechanism can be employed in the context of a device which 
delivers pacing pulses to multiple sites within the atria or ventricles of the heart, in 
order to induce a more simultaneous depolarization and prevent occurrences of 
premature beats or arrhythmias. For example, as discussed above in conjunction with 
dev.ces as pacing electrodes and sense amplifiers associated with multiple sites within 
the atria or associated with multiple sites within the ventricles may be provided. In 
such devices, delivery of a pacing pulse at one site responsive to a sensed 
depolarization at another she or delivery of a pacmg pulse at one she in response to 
dehvery of a pacing pulse at another site may occur after exp.ration of a defined 
relatively short escape mterval, as discussed ,n U.S. Patent No. 4,928,688 issued to 
Mower, and mcorporated herein by reference in ,ts entirety. In this case, the longer 
the mterval separating the sensing or pacing at a first Jocafion and the subsequent 
dehvery of a pacmg pulse at a second location, the more hkely it is that the pacing 
pulse at the second location will be inhibited. In the context of a dev.ce operatmg m 
th,s fashion, the dev,ce may monitor frequency of occurrences of arrhythmias, and in 
response to a measured endpoint E n corresponding to frequency of occurrence of 
arrhythmias exceeding the defined endpomt range, the duration of the escape interval 
between sensing or pacing at one site and subsequent delivery of a pacing pulse at a 
second site may be decreased, in order to provide a more aggressive anti-arrhythmia 
pacmg modality. Conversely, if the frequency of occurrences of arrhythmias E n is 
less than the defined endpoint range at 926, the escape interval between a sensed or 
paced event at a first location and subsequent delivery of a pacing pulse at a second 
locate may be increased, reducing the number of delivered pacing pulses. 
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Figure , 5 i,,ustrates a parameter adjustment methodology simiIar to (hat - 
F'gure 14, with the additional capability of resoonH" , 

metric as reflected bv the , ° freS P° nd,n 8 *> «« mcrease in the measured 

as renected by the most recently measured endoointF a . 

~ y m ^ endpoin , ^tr to a 

'teanhytaiaprevennonnacinan, """^emfteaggressrvenessbf 

—ng endpoin, P ' ** CijCUmSla " Ce " "«* ■» 

■ng e„dpo,„, E„ tKS w,(h,„ fte des.red endpoin, , an „ c ,„ ,„- „ . 

ftmciional blocks 930, 932 934 and ,« 

922, 924 926 and 92 8 ' C< " IeSP ° nd PrcC,Se ' y '° ^ 

, =w, vzo and 928, respective y in Figure 14 in »uv 

*. -banian, ilIostrlled ,„ F - ^ *" "»~> » *• of 

™> ~ —in, En., pl , a denned ^7.1^ ^ 

measured endpoin, E was „u*,7L. a ^ faSl " 0n 35 if "» 

ouls,de the des„ed endpoinl range al 930. 

perforce reared ™ ° f ^ «"* °' 

exceeds ft l r a Ing a oetenninalion ftat fte measured endpoinl E 

«ceedsfteder,„« iOT dpoi„, ran8 ea„ I8 , 922or o3 0(F 15 ,^ 

°fY»TI measure™, a ^ ^P 0 ™ ™se fora preceding sen es 
1 "icasurement periods If n^t ^ - 

operating with martwuW ,n me «™ '•»' the device baa been 

arrbvlbaana prevennon pac,ng parameiers « a, fte nros, aggressive 
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semngs for , preceding sen es .f„e« ^ T1 a „ d has ^ 
- reducng ,he value of fc measllre(1 ^ ^ „ ^ ^ ^ ^ 

ptecedtngyT, intend, the device defines ,ha, the arrirydu™ prevention pacing 
"-Wy - *« - —el, ,„ be s „ccessfid in Khie>ing j|s ^ J 
and d.sables ,he arrhythmia prevent pacing modalily ,„ effK , „ ^ or i 
swueh ,n alternafive arrhyth™,, pr,ve„,i„„ pacmg modalhy. S e,ec,io„ from , he 
avadable pacing modalifies may be made according ,„ lhe descnpfions in figures ,. 

'.discussed above, and ,be device exit, a, 948 ,„ an approp ria,e polnl wilhln fc 
.*» „,„ ^ ^ ^ ^ 

Fol.ow.ng selecfion of a new arrhytaia prevent pac , ng moda „, y fc ^ 
operate as described ,„ dre flow char, of Hgure ,2, employing a „e„ ly defined desrred 
eodporn, range, newly defined iniiia, ^ and , he „ ke ^ 
newly selected arrhychmia prevention pacing modality. 

One specific embody, „f , ,, evice „ ^ 

wthP.guras I2e.se,. may be implemented as follows. The pacemaker may be 
configured to operarc ,„ fc alnal overdrjve paci „ g ^ ^ 

ced Hess et a, . pa.cn,. In pacing ^ fc ^ ^ 
atna, de^lanaadons by acting ,„e „ex, snbscuen, atna, escape interval equal to the 
prevrous A-P or P-P m.erval, mams . p^ed decremen, <-de„a> and continues 
to pace a. this escape interval until either the occurence of a sensed atrial 
uepolarizadon or deBvery of .defined nunber (plaieau slop) of se q uc„t, a , arrra, 
pactng pulses a, the new escape ,„,erval. If a sensed arria. depolariaation occurs 
before Conxion of rhe phttau sl ep. a new, sheened arria, escape interval is 
calculated as desenhed previously Ifl he plareau s,ep is cohered, the alna, esca P e 
■ntetva, , s , nC reased by a proved incrcmen, ( + dc,.), and the dev.ee paces a, the 
new escape interval u„U, Aeran atria, depolariaafion is sensed or Ore new p,a,ea„ 
step ,s complered. This process conhnues, bounded by programmKl ^ _ ^ 
rates to provide aWa, overdrive paoing a, a ra ,e which is generally only slighfly above 
the intrinsic atria! rate. 
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In coupon „ ith the presen , inven(ion ^ devjce ^ opCTaie _ ^ 
.he overdrive pacing mode b WUally „„ ^ ^ rf ^ ^ ^ 

measured metrics are defined by ph ysicia „ p rogrammine such „ ne o , m 
conesponding measured endpo ,„ K ^ ^ M above ||]e defmed ^ ^ ^ 

adjusbnen. of .he pacmg mode paramcers „ more aggressjye ^ For example 
•he endpoin. ranges of me an PACs/day <= 200 and AF episodes/day <- 2 may be ' 
defined. ,„ , his embodiment. . de(ined mtm ^ ^ ^ ^ ^ 

also be defined and may be employe, ,„ .rigger adj^bnen, ,„ a ,ess aggressrve se. of 
pacng parameters and proven, adjusbnen, of.be paeing mode pa.ame.ers .o more 
aggressive sebings Tbe obs.rva.ion period T, may be se, ,„ 24 boon,. 

During ,he firs, 24 hours ofda,, ,s c„l,ee,ed w,,h ,he pacmg mode se, a, 
nomma, va lu es. For example, «. measured endpom* fly migb, be. mean PACs/day 
- 5000 and AF/day . ,0, wi,h menn V ra,e . 72 6p m. Due ,„ one or bom of me 
PAC/day and AF/day values exceeding me defined =ccep,ab,e ranges, .he pacing 
parame.ersareadjus.cd.obemoreaggress.ve. Fo, example, .he following changes 
to the algon.hn, values may be: adelu = 60 msec (increased by 10 msec), -deha - ,0 
msec (decreased by 10 msec), aa,d p, a ,ea„ sleps . 20 ^ by „ 

Any one of fcese changes may be made or all of He changes may be made 
srmnltaneously for mcreasing aggressiveness of fe pacing mode. During a new,, 
«— 24 hour Tl period, da,a is colleded wi,h fc pacing pammele. a, ,hc new 
selbngs. The new measured emlpoin.s might be: mean PACs/da,= 100 AF/day = 0 
nrenn V ra, e , „ bpm . m ^ ^ ^ ^ fc ^ ^ ^ ^ • 

■be paranrelcr values remain as se. for Ihis period. 

Abcmabvely, assuming tha, the data is same as above for PACs and AF but 
me V ran. is 90 bpm. Then ,hc pacing pammeters may be made less aggressive ' for 
example by decreasing ,he 4*J to value, bacreasing dae -delta value and/or decreasing 
■he p,a,eau step. Tins process may continue un.i, ,he pacing mode ,s programme,, off 
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continue attemotinp m . sample, the device may 

~e T Se ""' 8S fM 3 defined — " - —) or 

~ afier whlch fc devj£e uself ^ ^ ^ 

A- additional embodm™, „f a deviM . 

»»h Figures 12 el seq mav h, im , 6 descnbKl conjunclion 

seq. may be implemented as follows Tl,.„ 
<*nng Ur ed,„ op e ta , e , n| ^ *» -V be 

"ml rate stabilization na 7 PaC ' nS "'^ "> « 

prev,„„ s A-A A-P P A „, . ' a ' ni " *«- eooa, to the 

follows An ov e-cited Hill et al. patent may be as 

-j:3irr ra " 6e r 2oopAcvdaya " da "°""^ T1 ma y 

employed thereafter If th. ' 15% ' e,c ma y b « 

crearter. Jf the measured endpoint was 100 pap ia l 
parameters of the A s oi u PACs/day, then the 

— . PAC-s in a" 7"" * S,ab " i2aUm *»-•*• to 
raa manner analogous to thai described ^ 

atnal overdnve pacmg mode. " C ° njUnct,on «*h me 
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An al,ema,i,e or addri.ona, r^Wc forcing a lria , rare siabiHaarion 
pacng m , be a nreasuaemen, of RR variability ,o .rigger changes in ^ For 
-m p , e , jf (b e rr vanaMily Wffi 30% of (he ^ R R iniava| or ^ 

«* .merva, over a ceriain o^ervabor. penod (T,,, « ,„ ,be a M re_ of 
•he a,„a, ra,e srabihaarion paeiog mod e M „,d be draabW and ,be %de,.a co„,d be 
mcreased ,„ a ,ess aggressive va.ne of 40% ,„ m i„ m , 2 e ,he aanoon, of arria, pacing 
™ S « variabi,,^ e^poin, ra „g e may serve as , 

-f«y mechanism f„ r fc abaa, rare srabihaabon pacing mode in |he „ „ 
mean V r=,e serves ,„ prevcn, excessrve average venbicniar r„es in ,be a,„a, 
overdrive pacing mode, as discussed above. 

White i, is bebeved ,ba, for pracnca. porposes, , mp|emenlalions 
of devces employing .be presen, ,„ve„,i„„ „ iu generl „ y take ^ ^ of 
mrcroprocessor coniroited pacemakers aa described above, ,be invenrion and i K 
as-rated rancnons m ay readi,y be pracriced by means of a pacemaker based on 
fall custom d,gi,a, in.egnned circuilry m wide|y ^ _ fc 

■he to, of a device fabricated of commercial avai,ab.e discrere componenis and 
crrcuns, so long aa basic funcnons m forth ^ „ y fc 

drsdoaed embodrmems sbon,d be consider* exempt, raiher man fairing w ,,b 
regard to the claims that follow. 



In conjunction with the above disclosure, we claim: 
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iNTHE CLAIMS- 



1 A cardiac pacemaker, comprising: 

means for pacing a patient's heart in a tachyarrhythm.a prevention pacing 
mode using a first set of electrodes for a first extended time period; 

means for defining a metric of success of said tachyarrhythmia prevention 
pacing mode; 

means for monitoring said metric over said first extended time 

period; 

means responsive to sa>d monitored metnc, for adjusting said tachyarrhythmia 
prevention pacing mode. 

2- A pacemaker accordmg to cla,m 1 , wherein said means for adjusting said 
tachyarrhythmia prevention pacing mode comprises means for pacmg said patient's 
heart with a different set of electrodes. 

3- A pacemaker according to claim 1 , wherein said means for adjusting said 
tachyarrhythmia prevention pacing mode comprises means for pacing said patient's 
heart w.th a different tachyarrhythmia prevention pacing mode. 

4- A pacemaker according to claim 1, wherein said means for adjusting sa,d 
tachyarrythmia prevention pacing mode comprises means for adjusting a parameter 
of said tachyarrhythmia prevention pacing mode. 

5- A pacemaker according to claim 1 wherein said means for adjusting sa.d 
tachyarrhythmia prevention pacing mode comprises means for terminating operation 
of sa,d tachyarrhythmia prevention pacing mode in response to sa,d monitored metric 
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6. A cardiac pacemaker,. according to claim 1 , wherein : 

said means for defining a metric of success comprises means for desired range 
for a metric of success of said tachyarrhythmia prevention pacing mode; and 

said responsive means comprises means responsive to said monitored metric 
falling outside said range, for adjusting parameters of said tachyarrhythmia prevention 
pacing mode to vary aggressiveness of said tachyarrhythmia prevention pacing mode. 

7- A pacemaker according to claim 6, wherein said means for adjusting 
parameters of said tachyarrhythmia prevention pacing mode to vary aggressiveness of 
said tachyarrhythmia prevent.on pacing mode comprises means for adjusting 
parameters of said tachyarrhythmia prevention pac.ng mode to increase 
aggressiveness of said tachyarrhythmia prevention pacing mode. 

8- A pacemaker according to claim 6, where.n said means for adjusting 
parameters of said tachyarrhythmia prevention pacing mode to vary aggressiveness of 
said tachyarrhythmia prevention pacing mode comprises means for adjusting 
parameters of said tachyarrhythmia prevention pacing mode to decrease 
aggressiveness of said tachyarrhythmia prevention pacing mode. 

9. A pacemaker according to claim 6 or 7 or 8, further comprising: 

means for terminating operation of said tachyarrhythmia prevention pacing 
mode in response to said monitored metric persistently falling outside said range 

1 0. A pacemaker according to claim 9, wherein : 

said means for terminating operation of said tachyarrhythmia prevention 
pacing mode in response to said monitored metric persistently falling outside said 
range comprises means for terminating operation of said tachyarrhythmia prevention 
pacing mode in response to said monitored metric persistently falling outside said 
range in while said tachyarrhythmia prevention pacing mode is at its most aggressive. 
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11. A pacemaker according to claim 9, wherein: 

said means for terminating operation of said tachyarrhythmia prevention 
pacing mode in response to said monitored metric persistently falling outs,de said 
range comprises means for termmating operation of said tachyarrhythmia prevent™ 
pacing m ode in response to said monitored metric persistently falling outside said 
range m while said tachyrhythmia prevention pacing mode is at its least aggressive. 

1 2. A pacemaker according to claim 1 , wherein: 

said pacing means comprises means for delivering pacing pulses to a first site 
in said patient's hear using said first electrode set; 

said monitoring means composes means for monitoring occurrences of 
tachyarrhythmias over said first extended time period; and 

said responsive means comprises means responsive to occurrences of 
tachyarrhythmias exceeding a defined level dunng said extended t, me period, for 
subsequently pacing said patients heart using a electrode not used during said first 
extended time period to pace a site not initially paced for a second extended ,, me 
period. 

1 3. A pacemaker according to claim 1 , wherein: 

said pacing means comprises means for pacing two sites of said patient's heart 
using said first set of electrodes; 

said monitoring means comprises means for monitoring occurrences of 
tachyarrhythmias over a first extended time period extending over more than one day 
and 

said responsive means comprises means responsive to occurrences of 
tachyarrhythmias exceeding a defined level during said first extended time period for 
ceasmg to use at .east one of said first set of electrodes employed during said first 
extended time period and ceasing pacing of one of said paced sites paced dunng said 
first extended time period for a second extended time period. 
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14. A pacemaker according to claim 1 2 or claim 13 further comprising: 

means for monitoring occurrences of tachyarrhythmias over said second 
extended time period; 

means for recording information as to occurrences of tachyarrhythmias while 
pacing during said second extended time period; and 

means for comparing said recorded information during said first and second 
extended time periods. 

10 15 A pacemaker according to clam 1 4 further comprising: 

means responsive to said comparing means for subsequently employing 
electrodes to pace as in the one of said first and second extended time periods having 
a lower incidence of tachyarrhythmias. 

15 1 6. A cardiac according to claim 1 , wherein: 

said pacing means comprises means for pacing in a first tachyarrhythmia 
prevention mode during said first extended time period; 

said monitoring means comprises means for monitoring occurrences of 
tachyarrhythmias over said first extended time period; and 

said responsive means comprises means response to occurrences of 
tachyarrhythmias exceeding a defined level during said extended time period for 
ceasing pacing in said tachyarrhythmia prevention pacing mode. 



20 



25 



1 7. A pacemaker according to claim 1 6, further comprising means for pacing the 
heart in a second tachyarrhythmia prevention pacing mode after ceasing pacing using 
said first tachyarrhythmia prevention pacing mode. 



18. 



A cardiac pacemaker according to claim 1 , wherein: 
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said pacing means comprises means for pacing a patient's heart in a first 
tachyarrhythmia prevention pacing mode for said first extended time period and 
means for subsequently pacing said patients heart in a second tachyarrhythmia 
prevention pacing mode for a second extended time period; 

said monitoring means comprises means for monitoring occurrences of 
tachyarrhythmias over said first and second extended time periods; and 

said responsive means comprises means responsive to occurrences of 
tachyarrhythmias during said second extended time period being less than occurrences 
of tachyarrhythmias during first extended time period for triggering pacing using said 
second tachyarrhythmia prevention pacing mode. 

19. A pacemaker according to any of the above claims wherein said monitoring 
means comprises means for counting occurrences of tachyarrhythmias during said 
first extended period. 

20. A pacemaker according to any of the above claims wherein said monitoring, 
means comprises means for measuring cumulative duration of tachyarrhythmias 
during said first extended period. 

21 A pacemaker according to any of the above claims, wherein said monitoring 
means comprises means for monitoring occurrences of tachyarrhythmias initiated 
immediately following delivery of a pacing pulse. 

22. A pacemaker according to any of the above claims, further comprising means 
for recording information as to occurrences of tachyarrhythmias during said first 
extended time period 

23. A pacemaker according to any of the above claims, wherein said first extended 
time period extends over a period of at least one day. 
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24. A pacemaker according to any of the above claims, wherein said first extended 
time period extends over a period of at least several days. 
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